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Abstract 

It is plausible that (a) multimuon events observed in decl’ 

inelaStiC muon scattering are manifestations of associated 

charmed meson production and (b) the latter is responsible for 

a siznblc fraction of observed scaling violations at small 

values of the scaling variable 2. 



- 2 - 

During the past few years, systcmntic dcparturcs fron scal- 

ing have been obscrvcd both in muon and electron scatLcrinfi cx- 

pcrimcnts. 1-3 Yith increasing q2 (square of awxncntum transfrr), 

the nucleon structure function vl\‘2 rises at small & and falls at 

large 5 (z q2/211v with FI the nucleon mass and v the energy of the 

virtual photon). This pattern of scale violations has been com- 

pared with theoretical predictions either phcnomonologica14 or 

derived from the quark structurc’of the nucleon. 5 

The production characteristics of dimuons (UN + PIIN) and 

trimuons (UN + pppN) observed in 150 GeV deep inelastic muon- 

nucleus scattering were described previously. 6 It was shown that 

85% of the observed dimuons Here w&counted for by well-estab- 

lished mechanisms. The total of eightkinematicallyfully rccon- 

structcd trimuons can be divided into five “quiet” (inelasticity, 

n’ < 0.2) and three inelastic (0 > 0.2) events. The main trimuon 

backgrounds are assumed tc be direct pair production (elcctro- 

magnetic tridents) and production of vector mesons. especially 

0 because of its large (7:) VII decay branch. Their total con- 

tribution is crudely estimated to be one trimuon (about 0.75 

inelastic and 0.25 elastic cvcnts). 

Since the cxpcriment is biased towards detecting events at 

large transverse momentum, an obvious mechanism for producing 

the cxtrn muons is via associated production and decay of heavy 

particles. Among many possible muon progenitors the charn 

carrying D-ncson appears the most likely candidate. The D-meson 
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origin of the muons has alrcndy been suggcstrd by scvcral 

auth0rs7~* along with brief analysts. The motivation of the pre- 

SCnt work is to (a) trc3t multimuon dctcction cfficicncics rcal- 

istically, (b) include inelastic trimuons in the analysis, and 

(c) study the relation of multimuons and scaling violation. 

For any rcasonablc model of multimuon Droduction, the total 

detection efficiency of the experiment is small. The e of 

multimuon production appears to tjc more sensitive to the model 

assumed than is the shape of various kinematical distributions. 

This is also true of the back~ground.’ For this reasons a care- 

ful treatment of detection efficiencies is essential. 9 Since 

the scaling violation is most pronounced at small 5, a cut of 

0.015 < p < 0.075 has been made. Eighty percent of all dimuons 

belong to this class as do tk’o of three inelastic trimuons. 

The basic model adopted for charmed meson production is that 

of Bletzacker and Nieh’ (BN). Because trimuons are of interest 

the BN formula is made to apply to Db pairs rather than to single 

D production. .This differs insignificantly from BN except near 

threshold, while treating the kinematics more accurately. The 

production cross section is given by 

d’o 
dxdyd’i; 

= (SSO*WE~~~)F,~(~,Y)~(~) (1) 

. 
where x = v/E with E the incident encrpy; $ is the momentum of 

the DE pair. o the fine structure constant and &I the nucleon 

m.%SS.; The structure {unction Fch(x,y) is asnrmcd to be 



Fc,(x.y) = Alq2/(q2+4N~) I I(s-so)/sl3c-*O”‘Il+(l-y~2l (2) 
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where A is a normalization factor, MD = 1.86 GM, a is the square 

of the invariant mass of the virtual photon-nucleon system, so’ is 

the threshold s for DiT production and &‘r(q* + 4 kg)/2 Mv. The 

inclusive Db momentum distribution is taken to be 

f(P) = Ke-=ze-bp: (31 

ubcre N is a normalization factor, z:p,/v with pi the longitud- 

inal and pT the transverse DD momentum (as noted above, in BN L 

and pT refer to a single D). The parameters 5, b are fixed in 

BK: i - 3 and a - (kl; + 0.03q2)-1. In this work the weak q* 

dependence of b is removed and a and b are left free. The in- 

variant mass of the Db system is chosen from a theoretical dis- 

tribution of associated production. lo The decay of DE is 

assumed to bc isotropic in the 06 rest frame. To study trimuon 

production the.correlation between the two D’s is kept. The D 

is assumed to decay’l Pinto K*uv with a 10% branching ratio. 

Characteristics of muon production according to the above 

&cl are calculated by Monte Carlo and the muons are then 

traced through the apparatus. Multiple scatter?ng, energy loss, 

straggling, . all relevant detarl of target-detector geometry, 

ugnctic fields, scanning criteria. known unccrtaintics in mo- 

mentum reconstruction and thcr- cutnrcincludod, Figure 1 pre- 
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scnts a comparison of the cnlcul3ted pf distribution (of the non- 

leading muon) with cxpcrimcnt. In Figure 2 the z’ distribution 

is shown whcrc z’ E pz/v (p, r longitudinal nomcntum of non- 

leading p). In both graphs calculation is normsli:cd to thedata. 

b’ith the exception of a few high pi - high z’ events (they are 

strongly correlated) agreencnt is satisfactory. 

In both Figures 1 and 2 the choice of poramcters is a = 1, 

b = 0.25. Ncithcr distribution is very scnsitivc to this choice, 

although small a values are favored by the observed pi distribu- 

tion.l* Preliminary data from a higher energy e’xpcriment 
13 also 

support small b by comparing the ratio of dimuons produced at 

each energy with calculation. This ratio is fairly sensitive to 

the choice of b (it increases by a factor of two from b = 0.25 

to b = 3) and also favors slightly the lowor values of a. The 

calculation predicts a (tp/3n) ratio of 25 which is quite in- 

sensitiv-e to the parameters and is veil above the observed ratio 

of 10 * 6. 

By using-the observed dimuon rate to normalize BN prcdic- 

tions. an estimate is made of the increment in the structure 

function, vK2. The 5 cut isolates the small z region where 

scaling violation is most prominent. In Figure 3 the contribu- 

tion to the scaling violation 14 . rs plotted as a function of a 

for values of b = 0.2s and h = 3. If multimuons are indeed 

manifestations of charm one must then conclude that associated 

charm production is likely a sireable component of the scaling 

violation at small c. 
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Other variants of the model arc possible,” besides those 

illustrated in Fig&c 3. The prcscnt analysis concerns only the 

dominnn: rznibcr of a set of rclatcd process, e.g. D decays to 

diffcrcnt iiml states such as Eyv, nnKuv, etc. and associated 

charncd rcson-baryon production. Based on sinplc total cross- 

section estimates, production of charged or neutral heavy lcp- 

tons and associated bottom quantum number carriers arc not cx- 

pectcd to contribute significantly to the multimuon sample of 

the present experiment. 

It is a pleasure to acknowledge useful discussions with 

E. Lehan and H. T. Nieh. 
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fig. i. Transverse momentum distribution for the produced muon with 
respect to the virtual photon direction. The solid curve is the prediction 
of sn associated charm production model. 
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Fig. 2. Distribution of fractional longitudinal momentum. 2’. The solid 
curve is the prediction 01 an associated charm meson production model. 
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